34 -EL
1

T it 35

| NASA-TECHNICAL NASA TM-84669
MEMORANDUM SEPTEMBER 1982

fi.":.

BASIC ENGINEERING CRITERIA AND
COST ESTIMATIONS FOR HYBRID MICROBIAL

 FILTER-REED (Phragmites.communis )
WASTEWATER TREATMENT CONCEPT

BY:

B.C. WOLVERTON, PH.D.
AND
REBECCA C. McDONALD

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NATIONAL SPACE TECHNOLOGY LABORATORIES

- NSTL STATION, M5 39529



1.
LL.

I11.

V.

Ly

2.

3.

COHTENTS

IHTRODUCTION
WASTEWATER TREATHENT PROCESSES

HASA/HSTL'S RESEARCH CONTRIBUTIONS TO THE DEVELOFHERT
OF HEW, COST-EFFECTIVE WASTEWATER TREATHENT PROCESGES

DESIGH CRITERIA OF THE WYBRID HICROBLAL FILTERP?HSEULhR
PLANT WASTEMATER TREATHENT SYSTEM

REFEREHCES
FICURES

Wastewater treatment facility overview for a community of
3,000 based on anaerobic filter and vascular aquatic plant
tachnology

Graph representing three different BODg eponcentrations

Graph representing twWo different concentrations of total
suspended solids (TS5) -

Graph representing removal rates for nitrate and ammonia

APPENDIX 1

COST ESTIMATE FOR 1140 md/d (0.3 MGD) ANAEROBIC LAGOON HICROBIAL
FILTERSfREED WASTEWATER THEATHENT SYSTEM

10=-11

12



F F G IC AL, REROAT BT AMDAMD TITLE M <

LB

HE POAT HOG 1, QOVIERNMENT ACCRASION HO. | 3. MECIPIENT' 3 CATALOG Wi,

TH=-B4GL60

—pmem §mE

n, EFETHT FATE

Septembor, 1902

FFLE A%D SUBTITLE

Basic Enuinnaring.ﬂtittria and Cost Estimations for
Hybrid Hicrobial Filter-Reed (Fhragmites communis)

s —
§. EFHE el M TTOLEIE R LRI

l Wastewater Treatment Concopt A0
1 AuTHOR 8 §. PERFORKMING GRAGAMIEATION
L. C. Wolverton and Rebecca €. MocDonald AESOAT. e
v, ATAFGAMING GRGAHIZATION HAME AHD ADDAEAS I8, WWORK UWHIT HO,
Hational Aeronautics and Space Adminlstration
Hational Space Technology laboratorles 1, COMTRACT OR GRANT HO.
N%T1, Station, MS 29529
. Al MR | FG AGEHGY HAME ARD ADGRAESS 1% :;::"n‘l; AEFDRT & PERICD
national Aeronautics and Space Adminlstration oy 1
HASA leadquarters Fechnical Memorandum
Washingeon, D. €. 20546 11, BrROMBORINDG AGEHCY CODE

LT

g Pl E R T AR HOTES

The design eriteria for this concepl Was abtained through a research project
sunported by a joint agreement between MASA and the U.S.E.P.A. under the HASAJEPA
tub=Aurecment EPA B0=D-X0740 at K5l

LT

AHSTHACT

An advanced wastewater treatmeént pProcess has been developed throuph a jolnt
HASA-EPA program which comblnes microbial [ilter technelogy with vascular plant

wistowater treatment technology. This wastewator treatment syster consiscs af two

vomponants:  a sludge collection and Jdigestion chamber anmd a hybrid microbial Tilver-

vascular plant unit., The design eriteria for each component is discussed. The
hasie design paraneters and cost estimations for this concent used to medt the

wastowater treatment needs of a community of 3,000 are outlined.

iF, HFY WoaHDS -~ |8, Ol ST REEUTION STATEMENT
waHtewaler treatment .
pnperalie TL1eoar nelassified = Unlirmited
1l .
Dpvn gt bud oLy 3
Vi, BECUMETY CLABSIF (o 1his rapat 18, SECURITY CLASIIF, (of this page) |30, HS. OF rpaGES |11, FRICE
Unelassified Unelausif Led 16

ML L NERrEL |q'||."|-




TR L

THTRODUCT ION

Man, like all other animals, depends upon a sysbilotic relationship be-
tween green plante and microorganisms for hie existence on earth., Photo-
aynthesizing plants produce and regulate the oxygen required to support life,
in addition to utilizing and controlling the concentration of carbon dioxidae
and other gaseous chemicals produced by man, animals, and microorganisms
during their metabolic processes. Plants, in conjunction with microorganiema,
also recycle man's waste and produce his food. These fundamental facts have
been known and taken for granted by man for hundeeds of years. What man has
not known, but is beginning to realize, is that natural bilological processes
involving the symbiotic relationship between certain plants and microorganisma
can also be used to correct envivonmental imbalances caused by waste disposal,
industrial development, and environmental abuse, if carefully manipulated
(1-4). The harnessing of natural biologlcal processes is essential for man's
future health and economical growth,

Surface water contamination from accidents and improperly treated domestic
and induatrial waste discharged into major viver systems has been a problem in
the 0. §. for many years. In addition, the disposal of hazardous chemical
waste by deep-well injection and improper landfill operations in the United
States is slowly contaminating ground water supplies from which a large part
af the population receive their drinking water.

WASTEWATER TREATHENT PROCESSES

Wastewater treatment processes can be divided into three types: physical,
chemical, and biological.

Phyaical processes involve removing solid materiala. These processes
include screens, commutators for grinding solids, and grit chambers and clari-
fiera which are settling tanks for the romoval of settleable solids.

Chemical treatment processes involve addicion of chemicals to expedite
wastewator treatment while increasing the cost substantially in most casos.
Examples of chemicals used in wastewater treatment are alem for coagulation
and précipicacion, acids or bases [or pH adjustment, and chlorine for disin-
fectionm, ammonia removal, etc,

Biological processes uwae microbial action to deprade and stabilize
colloddal and dissolved organile materiale (com wastewater. If this material
is not atabilized before it enters receiving rivers and streams, the dissolved
oxygen can be depleted due to aevoble microorganismas metabolizing organics
and owidizing nutrients which are in a reduced state, This tbiochemical
oxypgen demand (BOD), 4f too great, can remove large quanticies of oxygen from
the water caugsing flsh and other aquatic life to leave the area or die from
“"guffocation" or oxypen starvation,

There arve two clagaes of blologleal treatment: aerobic and anaerobic.,



Aerobic biclogical treatment processes utllize microorganises requiring
froe oxygen to metabolize the organic material in wastowater. Asrobic pro-
cesses include trickling filters, activated sludge processes, rotating bio-
logieal contractor filters, oxidation ditches and aerobic lagoons. The
aarobic microorganisms in these processes decompose the organic material to
make corbon dioxide and water and produce large voluman of biologically
active sludge.

Anaerobic biological treatment processes utilize microorganisms which
live in the absence of froe oxygen and utilize chemically bound oxygen to
metabolize organic material. Anaeroblc processes include anaerobic digestors,
annerobic lagoons, and anaerobie [llters. Anaerobilc processes utilize two
groups of microorganisms. The first group transforms the colleidal and dis-
solved organic material to velatile organic acide. The second group converts
the organic acids to methane gas and carbon dioxide with traces of odorus
sulfides. Anaerobic microorganisms have relatively slow growth rates and pro-
duce much less aludge than the aerobic processes. The sludge from anaerobic
processes 1s also stabilized.

Facultative biological treatment processes utilize both aerobic and
anaerobic microorganisms in separate zones., A facultative lagoon 1s an
axample of this process and is very popular in small cities.

Theoretically, the facultative lagoon is ideally suited for wastewater
creatment because the bottom portion of the lagoon is anaerobic where the
asludge accumulates and is stabilized through anaerobic digestiod, while the
voluma is significancly decreased. The facultative middle zone continues
the wastewater treatment while the algae-laden, oxygen=-tich upper aerobic
zone finishes the treatment process by oxldizing the odorous sulfides pro-
ducing an odor=-free, clarified wastewater effluent.

Unfortunately this process does not stay balanced, especially during
the warm summer months when wncontrolled algal growth oceurs. Practical,
economical means of harvesting algae have not been developed to prevent
large algal blooms from dying and decaying in the lagoon, causing excoss
BOD loading, foul odors and increaged total suspended solids.

Fresantly, aerobiec processes are used almost exclusively in the United
Statea, The activated sludge process Is generally used for large citles,
while the trickling filter process is more popular for small cities. The
loasc. expoanaive syatems are lagoons which depend on algae to supply oxygen
photosynthetically., The other aerobic processes require much more initial
Investment to design and conatruct, besides high operational cost dua to
increased personnel and energy needs.

NASA/HSTL'S RESEARCH CONTRIBUTIONS TO THE DEVELOPMENT
OF NEW, COST-EFFECTIVE WASTEWATER TREATHENT PROCESSES

During the past eight years, HASA has conducted research at the Hatlonal
Space Technology Laboratories (NSTL) in Missiassippi on the utilization of
vascular plants to replace algae in natural blological processes for the



efflcient and economical treatment of domestic and chemical wastewabor

' genorated at WSTL (5-10). The vascular aquatic planta used in the firat
studies were floating species, The two major specles were the water hva=
cinth (Eichhornia crassipes) and duckweed (Lemma wsp. and Spirodela sp.).
This research was highly successful and led to the installation of aimple,
copt-effective wastewater treatment systems at NSTL. Communities and cities
in Florida, Texas and California are also using floating aquatic plants for
wantewater treatment. Engineering design data for this type wastewater
treatment system was published (5, 11).

Becently an advanced natural wastewater treéatment procoss has basn
daveloped through a jolnt HASA-EPA program which combines microbial filter
technology with the vascular plant wastewater treatment technology to produce
an efficient hybrid system (2, 12). This aystem ises rooted, cold=-tolerant
plants sweh aa the common reed {Phragmites communis) growing on the surface
of a microblal rock filter bed., The microbial filter-reed system has advan-
tapes over the floating aquatic plant systems in that wastewatoer is only
exposad to the atmosphere after treatment, reducing the risk of odor prob-
lems, allowing the system to be installed in highly populated areas. Highoer
chemical concentrations in waastewater can be tolerated because a higher
microbial cell density is sustained and parctially retained on the purface
of the filter. The system can be used in colder climates when installed
below the frost line, and estaurine environments with higher aalt concentra=-
tions hecause of the salt- and ecold=-tolerant characteristics of reeds. The
high micrebial cell density in the [llter unit alesp increases the potential
for adding industrial waste to domestic sewage without upsecting the micro=
binl process.

DESIGH CRITERIA OF THE HYBRID HICROBIAL
FILTER-VASCULAR PLANT WASTEWATER TREATMENT SYSTEM

This wastewater treatment system is made up of Cwo major components:
component one is a sludge cellecting and digesting chamber which may consist
of a simple septic tank, a covered anaerobic lagoon or a high surface area
anaerobic digestor, Component two is a hybrid microbial filcer-vascular
plant unit., Rocks are used for the microbial filter with pea gravel or sand
spread several inches deep on top as & surface ganler, Vascular plants such
as the common reed (Phragmites communis) are planted on the filter bed.
This filter corresponds to the faculcative and aerobic section of a faculta=
tive lagoon and is capable of treating both aerobic and anaercbic wastewater
after sludge removal to prevent filter clogging. The filter depth is criti-
cal for removal of both ammonia and nitrate nitrogen during final wastewater
crcatment and clarvification. A depth of approximately two feet or less Lo
dosirable since both ammonia and nmitrate nitrogen are rapidly removed from a
rock-reed filter of this depth. This indlcates that the plant roots are
contributing sufficient oxygen to the liquid to enhance nitrification, but
not enough to suatain this zone in a complete aaraobie state. Therefore, con=
ditions conducive to both nitrificaction and anoxic denitrification prevail
in the rock-recd filter.



In order to minimize sludge handling problems, deep anaerobic lagoons,
approximately 3 m (10 ft) in depch with small surface areas, appear to be
the most practical mecthod for the initial sewage treatment and sludge collec-
tion. For single homes or small facilities, septic tanks can be used instead
of lagoons, To prevent odor emissions from the anaerobic lagoons, it is
esgential that the lagoons be sealed or mechanically aerated on the surface.
Reinforced, floating hyplon covers with gas collecting capabillities appear
to be the most reliable means of assuring complete odor control. This means
of odor control is preferable when the system is to be installed in a highly
populated area. MHathane can be collected and burned as an energy source or
the gases flared for odor control., Small systems do not require gas collect-
ing capabilities.

Approximately 114 g (0.24 1b) of sludge per person is generated dally
in domostic sewage. When digested anaerobically, the total mans of settle-
able solida in sewage can be reduced by 50% and removed as gas and soluble
substancea (13). Approximately 28.3 & (1 cu ft) of mathane per person per
day can be produced by anaercbically digesting domestic sludge. Yearly
sludga accumulation pur person after anaerobic dlgﬂﬂtlnn in approximately
23 kg (51 1b) or 26.5 & (? gal) in volume,

The proposed design for & community of 3,000 in Figure 1 allows for
approximately 20 years of operation before a sludge removal problem develops
in Lagoon Ho. 1. Lageon Mo. 2 can then be used for collecting raw sewage
until sludpe 18 removed from Lagoon Ho. 1. Two lagoons in series with a
minimum decention time of 2.5 days each are recommended for a 50X or greater
reduction of BODg and total suspended solids, while lowering the risk of
sludge reaching and clogging the rock filters (l4).

Oswald et al. observed BODg reductions im excess of 70X at hydraulic
detencdon cimen of 1.5 days in anaeroble lagoonas (14). Decentlon perfods
of up to five days were recosmended to compensate for decreased bacterial
accivicy during cold weachor., This roduced bacterlal accion is less impor=
tant when a high surface area microbial filter is uwsed for further treatment
of the anacrobile logoon ¢ffluent.

Data from o hybrid microbial reed/rock [llter using three different
BODs loading levels and two different total suspended solids (TS55) concen-
trations ave given in Figures 2 and 3, The inicial sewage used in those
three experiments was the effluent from cloged anaerobic plastic drums in
which rowv sewape was allowed to settle for 24 hours. Tha microbial fread
filter unit consisted of a metal trough filled to a depth of 16 ecm wicth
railrond rocks 2.5=7.5% e¢m in diamater and to a depth of 5 cm with pea gravol
0.25=1.3 cm in diameter. The trough, which measured 50.5 cm W »x 30.5 cm D x
298 em L, was planted with resd (Phragmites communis).

If one assumas a 50% or groeater BODs and TSS removal in the indtial
anperobic lagoon treatment step, then a doubling of the initinl BODg and
T585 loading rates from Filguras 2 and 3 coan be used for designing a complate
syetem starting with raw sewage. When anaercbic lagoons or other anasrobic
syatems are used for the ifniclal treatment step, nitrates ara normally re-
moved or converted te ammonia before reaching the microbial reed/rock fil-
tar. When the filter unit is used to upgrade brickling filter plants or
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other aerobic wastewater effluent, nitrates present in the effluent will
algo Le removed, The capacity of this fillter system to remove nitrates and
armonia is demonstrated in Fipure 4. Although the proposed design in Fig-
ure | 48 for a complete now wastewater treatment aystem for a community of
3,000, the 0.41 ha {1 ac) microbial reed/rock filter alone can be used to
upgrade trickling filter or activated sludge plants treating approximately
one million gallons per day (wastewater from a population of 10,000). The
cost can be estimated by extracting only the construction cost of the
microbial freed filter in Appendix 1. Figures 2, 3, and 4 can be used to
dotermine exact detention times depending on the treatwent efficiency of
the existing facility and the maxiwum discharge concentrations peraitbed
by state oand Federal regulatlons,

Appendix | contains o gross cost estimate for a system based on HASA's
technolopy to serve a community of 3,000, The configuration was previously
given in Figure 1.
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' APPENDLE 1

COST ESTIMATE FOR 1140 m’fd (0.3 HGD) ANAEROBIC LAGOON

HICROBIAL FILTER/REED WASTEWATER TREATMENT SYSTEHM#®

12

L. CONSTRUCTION COST FOR TWO 3050 m3 (805,860 gal) CAPACITY ANAEROBIC LAGOONS

Quantity ' Ttom

6167 m3 (8,066 ydd) Excavation of two_0.25 acre anaerobic
lagoons = §1.31/m? (§1,00/ydd)

0.41 ha (1.0 ae) Land = £12,000/ha (§5,000/ac)

15. m (50 fe) ' PVYC connecting plpe = Installed
£65.80/m (5$20.00/ft)

2787 m% (30,000 ft2) ##20 mil PVC liner for anaeroblc lagoons
$2.69/m2 (30,25/fc?) inscalled

2023 md (21,780 fed) AR16 mil reinforced f%ﬂﬂtinﬂ hyplon covers
S10.76/md ($1.00/f¢c } installed

SUB-TOTAL

2. CONSTRUCTION COST FOR MICRODBIAL/REED FILTER

91.4 m? (1,228 ydjj Excavatlon of one acre of rock filters
51.30/m3 (51.00/ydd)

6l m (200 ft) **PYC connecting pipe and header pipe to

distribute the flow entering each
channel = installed $41.00/m (512.50/f¢)

4047 me (43,560 Fr2) %20 mil PVC liner for rock filters
§2.69/m" ($0.25/fc?) installed
91,4 md (1,228 yd3} Rocks Fkilﬂ.ﬁﬁfm] {Sﬂ.ﬂﬂ!ydzl
11.3 m3 (400 yd3) Pen gravel - §7.84/m? ($6.00/yaY)
bl S60 oa Roods planted = 50,10 oa
0.83 ha (2 ac) Land = 512,000/ha (55,000 /0c)
- SUB-TOTAL
1. Total Cost for Complete PVC-Lined System L. TOTAL

1. Total Cost for Complete System Where Matural Clay

F
Barrier is Used (PVC Liner Not Required) II. TOTAL

* Excluding clearing of land, harvester, contingencies, enginearing
design andfor site evaluacion.

*& PYC and Hyplon Liner Cost (1982)
from Staff Industries, Inc.

N 266=2620 HWouston, Toxas

Cast

$ B,066.00

5,000.00

1,000.00
7,500,00

21, 780,00

$43,346.00

§ 3,228.00

2, 500,00

10, 890,00

25,8264,.00
2, 400,00
4,156, 00

10,000, 00

559,198.00

5102, 546,00

——

84,1564, 00
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